Three new orcinol (3-hydroxy-5-methylphenol)-conjugated hydrolysable tannins, together with two known compounds were isolated from the leaves of Cleyera japonica (CJ), and have been tentatively named cleyeratannin A (1), cleyeratannin B (2) and cleyeratannin C (3). The chemical structures of these compounds were elucidated using 1 dimensional (1D)/2D NMR and high resolution FAB-MS, and the absolute configuration was confirmed by circular dichroism (CD). To evaluate their anti-oxidative activities, 1,1-diphenyl-2-picrylhydrazyl (DPPH)/free radical scavenging activity and nitroblue tetrazolium (NBT)/superoxide anion scavenging activity were determined.
Furthermore, the inducible nitric oxide synthase (iNOS) and neuronal nitric oxide synthase (nNOS) inhibitory activity and anti-oxidative activity of CJ extract have been reported. 1, 4) This paper describes the isolation and elucidation of the structures of three new compounds named cleyeratannin A (1), cleyeratannin B (2) and cleyeratannin C (3) from the leaves of CJ and their effects on free radical and xanthine oxidaseinduced superoxide anion (O 2 · − ) generation.
Results and Discussion
Compound 1 was obtained as an amorphous yellow powder with a molecular formula of C 20 H 22 ). The signals of a galloyl group in compound 1 were observed at δ H 7.17 (2H, s, H-2″, 6″) in the 1 H-NMR spectrum and at δ C 167.1 (C-7″), 144.9 (2C, C-3″, 5″), 138.3 (C-4″), 120.2 (C-1″), and 109.1 (2C, C-2″, C-6″) in the 13 C-NMR spectrum. The presence of an orcinol group in compound 1 was suggested by three aromatic proton signals at δ H 6.43 (1H, br s, H-4), 6 .39 (1H, br s, H-2), and 6.32 (1H, br s, H-6), and a signal of an aromatic methyl group at δ H 2.21 (3H, s, H-7) in the 1 H-NMR spectrum and at δ C 158.5 (C-1), 157.7 (C-3), 139.9 (C-5), 110.0 (C-6), 108.4 (C-4), 100.8 (C-2), and 20.2 (C-7) in the 13 C-NMR spectrum. In addition, the heteronuclear multiple-bond correlation spectroscopy (HMBC) correlations between H-4, 6 (δ H 6.43, br s and δ H 6.32, br s) and C-7 (δ C 20.2), between H-2, 6 (δ H 6.39, br s and δ H 6.32, br s) and C-1 (δ C 158.5), and between H-2, 4 (δ H 6.39, br s and δ H 6.43, br s) and C-3 (δ C 157.7) 1) showed its connectivities (Fig. 2) H-NMR spectrum and at δ C 100.7 (C-1′), 77.5 (C-3′), 76.5 (C-5′), 71.9 (C-2′), 68.1 (C-4′) and 60.7 (C-6′) in the 13 C-NMR spectrum. In addition, the large coupling constant of the pyranose ring protons (J=7.8, 9.3 Hz) suggested that this glucopyranoside must be in a β-configuration with a 4 C 1 conformation.
The HMBC correlation between H-3′ (δ H 5.21, t, J= 9.3 Hz) and C-7″ (δ C 167.1) revealed that the connectivity is different from a similar compound [3-hydroxy-5-methylphenol Note * To whom correspondence should be addressed. e-mail: mwlee@cau.ac.kr 1) The complete assignment of each proton and carbon was confirmed by showed its connectivities (Fig. 2) . The complete assignment of each proton and carbon was confirmed by . This is a characteristic feature of ellagitannins with HHDP groups at the glucose 4′ and 6′-positions.
7) The HMBC correlations between H-4′ and C-7″ as well as H-6′ and C-7″′ revealed the linkage of the HHDP group to the 4′ and 6′ of the glucopyranosyl ring (Fig. 2) . The linkage of orcinol to glucose was also indicated by the HMBC correlation of H-1′ (δ H 4.92) with C-1 (δ C 158.4). Complete assignments were confirmed by 1 H-1 H COSY and HSQC. In addition, the absolute configuration of the HHDP group was established as an S configuration based on the CD spectrum of compound 3, which showed a positive Cotton effect at 235 nm and a negative Cotton effect at 259 nm, which is consistent with other (S)-HHDP esters. 8) On the basis of these results, the structure of compound 3 was elucidated as 3-hydroxy-5-methylphenol 1-O-β-d-[4′,6′-O-(S)-HHDP] glucopyranoside and was named cleyeratannin C.
In addition, two known compounds were isolated and identified as 3-hydroxy-5-methylphenol glucopyranoside and 3-hy- respectively by comparing their spectral data with literature values. 1, 9) All the new orcinol conjugated hydrolysable tannins (1-3) isolated from the leaves of CJ showed potent antioxidative activities due to the galloyl and HHDP groups, which are important determinants of free radical and superoxide anion scavenging potential.
10) Compounds 2 and 3, with two galloyl groups and one HHDP moiety, respectively, exhibited especially excellent antioxidative activities, even approaching the activities of the positive controls (l-ascorbic acid and allopurinol, Table 2 ).
Experimental
General Sephadex LH-20 (10-25 µm, GE Healthcare Bio-Science AB, Uppsala, Sweden) and MCI-gel CHP 20P (75-150 µm, Mitsubishi Chemical, Tokyo, Japan) were used for column chromatography. Reversed-phase medium pressure liquid chromatography (MPLC) using a rope system equipped with a Gilson Miniplus was carried out on ODS columns (Ultra pack ODS-SM-50B, 300×26 mm i.d., 230/70 mesh, Yamazen, Osaka, Japan) with a MeOH-H 2 O solvent system. TLC was carried out on a pre-coated silica gel 60 F 254 plate (Merck, Darmstadt, Germany) and spots were detected by UV radiation (254 nm) and by spraying with FeCl 3 solution and 10% H 2 SO 4 followed by heating. FT-IR spectra were recorded on a Nicolet 6700 (Thermo Scientific, U.S.A.), and NMR spectra were recorded on a Varian VNS ( Extraction and Isolation Three kilograms of CJ leaves were extracted three times with 80% acetone at room temperature. Concentration was performed by evaporating the 80% acetone under vacuum, and the residual aqueous solution was filtered using Celite 545 (Duksan Pure Chemicals Co., Ltd., Korea), with 282.43 g of material extracted. The water-soluble extract (282.43 g) was applied to a Sephadex LH-20 column (10-25 µm, 2 kg, 10×90 cm) and eluted with an H 2 O-MeOH gradient to yield 8 sub-fractions. Sub-fraction 5 (28.6 g) was further separated using reversed-phase MPLC (230/70 mesh, 320 g, 5×60 cm) and eluted using a H 2 O-MeOH gradient to yield seven sub-fractions. Sub-fraction 5-4 (10.4 g) was further applied to MCI-gel CHP-20P (75-150 µm, 150 g, 2.5×30 cm) and eluted with a 20-100% MeOH gradient to yield three sub-fractions. Sub-fraction 5-4-3 (9.8 g) was further separated using reversed-phase MPLC (230/70 mesh, 100 g, 2×30 cm) and eluted using a 20-100% MeOH gradient to yield cleyeratannin C (compound 3, 130 mg). Sub-fraction 5-4-3-1 (4.9 g) was separated using prep-thin layer chromatography (PTLC), and final purification was carried out using C-NMR data: see Table 1 .
Measurement of 1,1-Diphenyl-2-picrylhydrzyl (DPPH) Radical Scavenging Activity Antioxidative activities were measured using an DPPH (Sigma, St. Louis, MO, U.S.A.) scavenging activity assay.
11) Briefly, 20 µL of each compound in absolute EtOH was added to 180 µL of DPPH solution (0.1 mm, in absolute EtOH). After gentle mixing, the reactions were allowed to stand for 30 min and the optical densities were measured at 492 nm using an enzyme-linked immunosorbent assay (ELISA) reader (TECAN, Salzburg, Austria). Free radical scavenging activities were calculated as [(1−(sample O.D./ control O.D.))×100] and expressed as IC 50 values, which were defined as the concentration at which 50% of the DPPH free radicals were scavenged. l-Ascorbic acid was used as a positive control.
Measurement of Nitroblue Tetrazolium (NBT)/Superoxide Anion Scavenging Activity A reaction mixture with a final volume of 632 µL was prepared with 50 mm phosphate buffer (pH 7.5) containing ethylenediaminetetraacetic acid (EDTA) (0.05 mm), hypoxanthine (0.2 mm), 63 µL NBT (1 mm) (Sigma), 63 µL of aqueous or ethanolic extract (distilled water for the control), and 63 µL of xanthine oxidase (1.2 U/µL) (Sigma) in an Eppendorf tube. The reaction was started by addition of xanthine oxidase. A blank reading was measured for each sample. The rate of NBT reduction was determined on the basis of sequential spectrophotometric determinations by absorbance at 612 nm. Solutions were prepared daily and kept away from light. The results are expressed as the percentage inhibition of the NBT reduction with respect to the reaction mixture without sample (buffer only). Superoxide anion scavenging activities were calculated as [ (1− 50 values, which were defined as the concentrations at which 50% of NBT/superoxide anions were scavenged.
12) Allopurinol (Sigma) was used as a positive control.
